Perturbation of bacteriochlorophyll molecules in Fenna-Matthews-Olson protein complexes through mutagenesis of cysteine residues.
The Fenna-Matthews-Olson (FMO) pigment-protein complex in green sulfur bacteria transfers excitation energy from the chlorosome antenna complex to the reaction center. In understanding energy transfer in the FMO protein, the individual contributions of the bacteriochlorophyll pigments to the FMO complex's absorption spectrum could provide detailed information with which molecular and energetic models can be constructed. The absorption properties of the pigments, however, are such that their spectra overlap significantly. To overcome this, we used site-directed mutagenesis to construct a series of mutant FMO complexes in the model green sulfur bacterium Chlorobaculum tepidum (formerly Chlorobium tepidum). Two cysteines at positions 49 and 353 in the C. tepidum FMO complex, which reside near hydrogen bonds between BChls 2 and 3, and their amino acid binding partner serine 73 and tyrosine 15, respectively, were changed to alanine residues. The resulting C49A, C353A, and C49A C353A double mutants were analyzed with a combination of optical absorption and circular dichroism (CD) spectroscopies. Our results revealed changes in the absorption properties of several underlying spectral components in the FMO complex, as well as the redox behavior of the complex in response to the reductant sodium dithionite. A high-resolution X-ray structure of the C49A C353A double mutant reveals that these spectral changes appear to be independent of any major structural rearrangements in the FMO mutants. Our findings provide important tests for theoretical calculations of the C. tepidum FMO absorption spectrum, and additionally highlight a possible role for cysteine residues in the redox activity of the pigment-protein complex.